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(54) PLASTIC LENSES AND PRIMER COMPOSITiON USED FOR COATING THE SAME 

(57) Plastic lenses having a primer layer and pre- 
pared from a polyurethane resin prepared by the reac- 
tion of a pdlyisocyanate with a polyesterpolyol mainly 
comprising isophthalic add. Plastic lenses excellent in 
scuffing and impact resistances can be prepared by 
forming also a hard coating layer and an antireflection 
lE^er on the primer layer. 
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Description 

Technical Field 

s [0001 ] The present invention relates to a plastic lens and a primer composition for coating the same. 
Background Art 

[0002] A plastic lens has a silicon-based or other hard-coating or ultraviolet light-cured film on the surface thereof 
10 because it easily receives a scratch. An anti-reflection film may be further formed on the plastic lens by vapor <lepositing 
an inorganic material to suppress reflection on the surface of the plastic lens. Such a lens has defects in that its impact 
resistance is low and is cracked in a falling t^atl impact test (FDA standards of USA). 

[0003] To solve this problem, there is known a technology for forming a primer layer of an urethane resin between a 
lens substrate and a hard coat 
IS [0004] JP-A 5-25299 discloses a process for producing a plastic lens that comprises coating a primer coating com- 
prising a.blocked polyisocyanate blocked with p-diketone and a polyol as main corrponents, on the surface of a plastic 
lens substrate; curing it by heating to form a primer layer of a thermosetting polyurethane; forming a hard layer; and 
forming a single-layer or multi-layer anti-reflection film on the surface of the hard layer by vapor-depositing an inorganic 
material. 

20 [0005] JP-6 7-62722 discloses a plastic ler^ which is produced by laminating a primer layer having a thickness of 
0.01 to 30 \im, which is formed by coating and heating a polyurethane resin solution obtained from diisocyanate and at 
least one did selected from the group consisting of alkylene glycol. polyalMene glycol, poly(alkyleneadipate). pdy-e- 
caprolactones, polybutadienes. poly(alkylenecarbonate) and silicone polyol), a silicon-based resin cured layer, and a 
single-layer or multi-layer anti-rellection film formed by vapor depositing an inorganic material, in this order on a plastic 

2S lens made mainly from a terpolymer of diethylene glycol bisallyl cart>onate, diallyl phthalate and benzyl methacrylate. 
[0006] The above prior arts involve the following problems. 

(1) Although spectacle lenses are used in temperate districts of 30**C and even in cold districts of 0**C. an urethane 
primer prepared from a polyester polyol comprising adipic add as a main component in particular is inferior in 

30 impact resistance at high temperatures, and may not achieve sufficient impact resistance in some cases. 

(2) Of lenses having a high refractive index (HI lenses), there is a lens having low impact resistance. A lens having 
higher impact resistance is demanded. 

[0007] It is therefore an object of the present invention to provide a plastic lens having high impact resistance, in spite 
35 of having an anti-reflection film, in various environments and a primer for the plastic lens. 

[0008] It is another object of the present invention to provide a plastic HI lens having effective impact resistance and 
a primer for the plastic lens.. 

[0009] Other objects and advantages of the present invention will become apparent from the following description. 

40 Disclosure of th^ Invention 

[0010] According to the present invention, firstly, the above objects and advantages of the present invention can be 
attained by a plastic lens comprisirig a plastic lens substrate and a polyurethane layer formed on at least one side of 
the substrate, particularly preferably on a concave surface side, characterized in that the polyurethane layer is a cured 
45 product of a primer (to be referred to as "primer-cured layer" hereinafter) comprising a polyester polyol which contains, 
as an acid component, isophtiialic acid in an amount of at least 50 mol% based on the total of all acid components and 
otiier dicait>bxylic acid in an amount of 50 mol% or less based on the total of all acid components and a polyisocyanate 
as main components. 

[001 1 ] A description is first given of the primer-cured layer. 

so 

(a) primer-cured layer 

[0012] An urethane resin comprising a polyester polyol containing isophthalic acid as a main component has higher 
impact resistance at a wide temperature range experienced in a daily life than a conventional urethane resin comprising 
55 a polyester polyol containing adipic acid as a main component. Particularly, the impact resistance of the former does 
not degrade at high temperatures. The urethane resin provides an HI lens substrate which is slightiy inferior in impact 
resistance, with sufficiently high impact resistance for practical use. 

[0013] The primer that forms the primer-cured layer in the present invention comprises a polyester polyol and a 
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polytsocyanate as main components. 



(1) polyester potyol 

5 [0014] The polyester polyol is a polyester which comprises isophthalic acid in an amount of at least 50 mol% of the 
total of all acid components and other dicarboxylic acid in an amount of 50 mol% or less based on the total of all acid 
components, and which has a hydroxy! group at terminals of the molecule. 

[0015] Illustrative examples of the other dicarboxylic acid which is to be contained in an amount of 50 mol% or less 
include phthalic acid, terephthalic acid, phthalic anhydride, hydrogenated phthaiic acid, fumaric acid, dimertzed linoleic 
10 acid, maleic acid and saturated aliphatic dicartx)xylic adds having 4 to 8 carbon atoms. They may be used alone or in 
combination of two or more. 

[0016] As the hydroxyl compound may be used a compound which is widely used for the synthesis of a polyester 
polyol. as exemplified by compounds represented by the following general formula (1): 



75 



20 



Br CH, Br 
Br CH3 Br 



-•(1) 



wherein is -CH2CH2O- or 



-CHjCHO- . 
CH3 

30 is -OCH2CH2- or 

-OCHCHj-. 

35 CHj 



and p and q are independently an integer of 1 to 3. 
and the following general formula (2): 

40 

Z^-S-(CH,^-<^-S-^-iCH,ij-S-Z=' -(2) 

45 

wherein 2^ and are independently an organic group having one OH group and comprising a carbon atom, 
hydrogen atom and oxygen atom, and r and t are independently 0 or 1 . 

[001 7] illustrative examples of the polyol include diols such as ethylene glycol, diethylene glycol, polyethylene glycol. 
so propylene glycol, polypropylene glycol, butanediol. hexanediol, nonanediol, methyl pentanediol, neopentyl glycol and 
an adduct of bisphenol A with ethylene oxide or with propylene oxide; and polyols having three or more hydroxyl groups 
such as trimethylol propane, glycerin, trimethylol ethane and pentaerythritol. 

[001 8] Typical examples of the compound represented by the above formula (1 ) are a bromide of an adduct of bisphe- 
nol A with ethylene oxide or propylene oxide, and typical examples of the compound represented by the above formula 
55 (2) are 4,4'-thiobisbenzenethiol and 4,4'-thioblsbenzylthiol. 

[0019] The above hydroxyl compounds may be used alone or In combination of two or more. 
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(2) polyisocyanate 

[0020] As the polyisocyanate may be used any of a polyisocyanate having a saturated aliphatic skeleton and one hav- 
ing an aromatic ring skeleton. These polyisocyanates may be used in the form of a monomer, isocyanurate, allo- 
5 phanate. burette, cart^xliimide. adduct, modified product or prepoiymer. 

[0021] Illustrative examples of the polyisocyanate having a saturated aliphatic skeleton Include hexamethylene diiso- 
cyanate, 1.3,3-trimethyl hexamethylene diisocyanate, isophorone diisocyanate, 4,4'<iicyciohexylmethanediisocyanate, 
hydrogenated xylylene diisocyanate and hydrogenated diphenylmethane diisocyanate. 

[0022] Illustrative e)®mples of the polyisocyanate having an aromatic ring skeleton include xylylene diisocyanate. 
10 tetramethylxylylene diisocyanate. tolylene diisocyanate, diphenylmethane diisocyanate, 1 .5-naphthalene diisocyanate 
and tetramethylxylylene diisocyanate. 

(3) blocking agent 

IS [0023] The isocyanate group (-N=C=0) of the polyisocyanate may be blocked by a blocking agent. 

[0024] Illustrative examples of the blocking agent include p-diketone, diethyl malonate» dimethyl malonate. acetoxime, 
methyl ethyl ketoxime. butanone oxime, acetylacetone. 2.4-hexanedione, 3.5-heptanedione and caprolactam. 
[0025] In the present invention, when the polyisocyanate is hexamethylene diisocyanate, it is in the form of an isocy- 
anurate of hexamethylene diisocyanate and the isocyanate group thereof is preferat>ly blocked by at least one com- 

20 pound selected from the group consisting of p-diketone, diethyl malonate, dimethyl malonate. acetoxime and butanone 
oxime. 

[0026] Similarly, when the polyisocyanate is xylylene diisocyanate or teteramethylxylylene diisocyanate, the isocy- 
anate group is preferably blocked by at least one compourxl selected from the group consisting of p-diketone, diethyl 
malonate. dimethyl malonate, acetoxime and butanone oxime. 
25 [0027] The primer in the present invention comprises the above polyester polyol and polyisocyanate as main compo- 
nents, and may contain other polyo! as required. 

(4) other polyol 

30 [0028] Other polyol may be added to the primer to adjust the physical properties of its cured product. As the other 
polyol may be used polycarbonate polyols (NIpporan 980 series of Nippon Polyurethane Co., Ltd.. or Carbodiol of Toa- 
gosei Co., Ltd.), polyether polyols (Adecapolyether of Asahi Denka Kogyo K.K.. Aclocall of Takeda Chemical Industries, 
Ltd.,.PPG-Diol series of Mitsui Toatsu Chemical Co.. Ltd.) and acryl polyols (Takerack of Takeda Chemical Industries, 
Ltd., Acridic of Dainippon Ink and Chemicals, inc.). 

35 [0029] The other polyol is used preferably in an amount of 50 parts or less by weight, more preferably 30 parts or less 
by weight, based on 100 parts by weight of the polyester polyol. 

[0030] In general, it is preferred that the primer in the present invention contains a polyester polyol or a combination 
off a polyester polyol and other polyol in such an amount that the isocyanate group of the polyisocyanate is to be 0.7 to 
1 .5 equivalents based on one equivalent of the hydroxyl group of the polyester polyol or the total of the hydroxy! groups 
40 of the polyester polyol and other polyol. 

[0031] The primer in the present invention may contain fine particles of a specific metal oxide. 

(5) fine particles of metal oxide 

45 [0032] The refractive index of the primer-cured layer can be increased by containing fine particles of a specific metal 
oxide in the primer. The fine particles are prepared from an oxide of at least one metal atom selected from the group 
consisting of Si. Al. Sn, Sb. Ta. Ce. La. Fe, Zn, W, Zr, In arid Ti, and have an average partide diameter of 1 to 100 nm. 
[0033] To contain the fine particles in the primer, it is preferred to use a sol prepared by dispersing the fine particles 
in an organic solvent. 

50 [0034] The content of the fine particles in the primer is preferably 70 wt% or less, more preferably 10 to 60 wt%. in 
terms of solid content. 

[0035] The primer in the present invention is generally prepared in an organic solvent. 

(6) organic solvent 

55 

[0036] The organic solvent is preferably a glycol or ketone. 

[0037] Illustrative examples of the glycol include ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl 
ether acetate, ethylene glycol monopropyt ether acetate, ethylene glycol monobutyl ether acetate, propylene glycol 
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monomethyl ether acetate, propylene glycol monoethyl ether acetate, propylene glycol monopropyl ether acetate, pro- 
pylene glycol monobutyl ether acetate, ethylene glycol dimethyl ether, ethylene glycol diethyl ether, ethylene glycol 
dipropyl ether, ethylene glycol dibutyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene 
glycol dipropyl ether, diethylene glycol dibutyl ether, propylene glycol dimethyl ether, propylene glycol diethyl ether, pro- 

5 pylene glycol monomethyl ether, propylene glycol monoethyl ether, polypropylene glycol monobutyl ether, ethylene gly- 
col monoethyl ether, ethylene glycol monopropyl ether, ethylene glycol monobutyl ether and the tike. 
[0038] Illustrative examples of the ketone include cycloh&canone. o-methylcyclohexanone, m-methylcydohexanone, 
p-methylcyclohexanone acetone, methyl ethyl ketone and the like. 
[0039] Besides these, diacetone alcohol maybe used. 

10 [0040] The above organic solvents may be used alone or in combination of two or more. 
[0041] Acetates, solvent naphtha, alcohols and the like may be further added as required. 
[0042] The acetates include ethyl acetate, butyl acetate and the like. 

[0043] The organic solvent Is used in such an amount that provides a primer which preferably has a solid content of 
5 to 50 wt%. 

75 [0044] The primer in the present invention may contain a curing catalyst for a polyurethane-fbrmation reaction as 
required. 

(7) curing catalyst 



20 [0045] To cause an urethane>fbrmation reaction, an ^tty acid metal salt or amine may be added, though it is not 
always necessary, as a curing catalyst. 

[0046] The fatty acid metal salt is a stearate or octylate of a metal such as tin, zinc, cobalt, iron, aluminum or the like. 
[0047] The amine is an aliphatic amine, aromatic amine or aminosilane. Specific examples of the amine include 
' polymethylene diamine, polyether diamine, diethylene triamine. iminobispropylamine. bishexamethylene triamine. 

25 diethylene triamine. tetraethyjene pentaamine. pentaethylene hexaamine, pentaethylene hexamine. dimethylaminopro- 
. pylamine, aminoethyl ethanol amine, methyliminobispropylamine, menthane diamine. N-aminomethylpiperazine. 1.3- 
diamlnocyclohexane. isophorone diamine, metaxylene diamine, tetrachloroparaxylene diamine, methaphenilene 
diamine. 4.4'-methylene dianiline, diaminodiphenyl sulfone, benzidine, toluldine, diaminodiphenyl ether, 4,4'-thiodi- 
aniline, 4,4'-bis(o-toluidine)dianisidine. o-phenylenediamine. 2.4-toluenediamlne. methylenebis(o-chloroanirme). diami- 

30 niditolylsulfone, bis(3,4-diaminophenyl)sulfone. 2,6-diaminopyridine, 4-chloro-o-phenylenediamine. 4-methoxy-6- 
methyl-m-phenylenediamine, m-aminobenzylamine. N,N,N\N'-tetramethyl-1,3-butanediamine, N.N.N'.N'-tetramethyl- 
p-phenylenediamine, tetramethylguanidine. triethanolamine. 2-dimethylamlno-2-hydroxypropane. N,N'-dimethylpipera* 
zine, N,N'-bis[(2-hydroxy)propyl]piperazine, N-methylmorpholine, h exam ethyl eneytetramine, pyridine, pyrazine, quino- 
line, benzyldimethylaiine. a-methylbenzylmethytamine. 2-{dimethylaminomethyl)phenol. 2,4,6- 

35 tris(dimethylaminomethylol)phenol. N-methylptperazine. pyrrolidine, morpholine, N-p (aminoethyl)Y-aminopropyl tri- 
methoxysllane. yarninopropyltrimethoxysilane, raminopropyl triethoxysilane, N-p(aminoethyl)Y-aminopropytmethyl 
dimethoxysilane, y-aminopropylmethyl dimethoxysilane, r-aminopropylmethyl diethoxysilane and the like. 
[0048] Further, as the curing catalyst may be used ammonium acetate, quarternaryammonium alkyi acetate, trif luor- 
oacetic acid, paratoluenesulfonic acid, and salts thereof. 

40 [0049] The primer in the present invention may further contain a leveling agent for the cured layer (coating film) . anti- 
oxidant, weatherability-providing agent, antistatic agent, bluing agent, colorant, dye and the like. Of these, the leveling 
agent is preferably a copolymer of polyoxyalkylene and polydimethylsiloxane or a copolymer of polyoxyatkylene and 
fluorocarfoon. The total content of these additives is preferably 0.001 to 10 wt% based on the primer. 

45 (8) composition of primer 

[0050] A description is subsequently given of the composition of the primer. 

[0051 ] The polyester polyol comprises isophthalic acid in an amount of at least 50 mol%. preferably at least 51 mol%. 
based on the total of all acid components and has a hydroxyl group at the terminals of a polymer chain. 
so [0052] The isocyanate component and OH component are properly used in the composition ratio of NCO:OH of 
around 0.7:1 to 1.5:1, preferably 0.8:1 to 1.2:1. 

[0053] The solid content of the primer is preferably 5 to 50 wt%. more preferably 10 to 40 wt%. 
[0054] The thickness of the primer-cured layer is preferably 0.1 to 5 \im. When the thickness is smaller than 0.1 ^m, 
the effect of improving the impact resistance of a coating film Is small, while when the thickness is larger than 5 ^m. the 
55 hardness of a hard coat lowers. 

[0055] As for the curing conditions of the primer, the optimal conditions are selected from a curing temperature of 80 
to 120^*0 and a curing time of 10 to 120 minutes. When a blocked isocyanate is used, the curing conditions depend on 
the dissociation temperature of a blocking agent. 
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[0056] The primer may be suitably coated by dip coatirig, flow coating, spinner coating or spray coating. 

(b) plastic lens substrate 

[0057] A plastic lens for spectacles having a refractive index of 1.48 or more is preferably used as a plastic lens sub- 
strate in the present invention. For example, a plastic lens made from a polyurethane resin, a plastic lens made from a 
methacryiic polymer, a plastic lens made from an acrylic polymer or a substrate made from a mixture thereof may be 
used. 

(c) hard-coat layer 

[0058] The plastic lens of the present invention can have a hard coat made from a silicon resin on a polyurethane 
primer-cured layer. The hard-coat layer is made from (A) fine particles of the oxide of at least one metal atom selected 
from the group consisting of Si. Al. Sn. Sb. Ta. Ce. La. Fe. Zn. W. Zr. in and Ti and havjng an average particle diameter 
of 1 to 100 nm and (B) the cured product of a composition for a hard coat comprising an epoxy group-containing silicon 
compound or a partially hydrolyzed product thereof. 

[0059] The above components (A) and (B) and other component will be described hereinafter. 
(1) component (A) 

The oxide of at least one metal atom selected from the group consisting of Si. AI, Sn. Sb. Ta. Ce. La, Fe. Zn, 
W. Zr, In and Ti is used. Stated more specifically, the oxide is a metal oxide selected from the group consisting of 
. SiOg. AI2O3. SnOg. SbgOs. TapOs. CeC^, LagOa, FegOa. ZnO. WO3, ZrOg, IngOa and TiOg or tiie oxide of two or 
more metals (conposite oxide). The metal oxide is preferably in the form of fine particles having a particle diameter 
of 1 to 100 nm. 

The amount of the metal oxide added is preferak^ly 5 to 80 wt% in terms of the solid content of the composition 
for a hard coat. 

Further, the oxide fine particles may be surface-modified with an organic silicon compound or amine to improve 
dispersibillty into a solvent. The organic silane compound for surface modification is used in an amount of 0 to 30 
yvt%, preferably 1 to 25 wt% based on the weight of the fine particles. The surface modification may be carried out 
before or after a hydroiyzable group is hydrolyzed. The organic silicon compound used at this point is selected from 
compounds represented by the following formula (3): 

wherein R' and R" are independently an organic group having an alky! group, phenyl group, vinyl group, methacryloxy 
group, mercapto group, amino group or epoxy group. X is a hydroiyzable group, a is 0 or 1 , and b is 0. 1 or 2. 

These organic silicon compounds may be used alone or in combination of two or more. . 

Illustrative examples of the compound represented by the above formula (3) and having one X include trimethyl 
methoxysilane. triethyl methoxysilane. trimethyl ethoxysilane. triethyl ethoxysilane. triphenyl nethoxysilane, diphe- 
nylmethyl methoxysilane, phenyldimethyl methoxysilane. phenyldimethyl ethoxysilane. vinyidimethyl methoxysi- 
lane. vinyldimethyt etiioxysilane. vacryloxypropyldimethyl methoxysilane, v^methacryloxypropytdimethyl 
methoxysilane, y-mercaptopropyldimethyl methoxysilane. ymercaptopropyldimethyl ethoxysilane. N-p{aminoe- 
thyO-y-aminopropytdimethyl methoxysilane. y-aminopropyldimethyl methoxysilane. y-aminopropyldimethyl ethoxysi- 
lane. Y-glycidoxypropyldimethyl methoxysilane. y-g'ycidoxypropyldimethoxy ethoxysilane and p-(3.4- 
epoxycydohexyOethyldimethyl methoxysilane. 

Illustrative examples of tiie compound represented by the above formula (3) and having 2 X's include dimethyl 
dimethoxysilane. diethyl dimethoxysilane. dimethyl diethoxysilane. diethyl diethoxysilane, diphenyl dimethoxysi- 
lane. phenyimethyl dimethoxysilane, phenylmethyl diethoxysilane. vinylmethyl dimethoxysilane. vinylmethyl 
diethoxysilane. y-acryloxyprqDylmethyl dimethoxysilane. -^metiiacryloxypropyldimethyl dimethoxysilane, ymercap- 
topropylmethyl dimethoxysilane, y-mercaptopropylmethyl diethoxysilane. N-p(aminoethyl)y^aminopropylmethy! 
dimethoxysilane, y-aminopropytmethyl dimethoxysilane. y-aminopropylmethyl diethoxysilane. y-glycidoxypropylme- 
thyl dimethoxysilane. y-g^ycidoxypropylmethoxy diethoxysilane and p-(3.4-epoxycyclohexyl)ethylmethyl dimethox- 
ysilane. 

Illustrative examples of the compound represented by the above formula (3) and having 3 X's include methyl 
trimethoxysilane. ethyl trimethoxysilane, methyl triethoxysilane, ethyl triethoxysilane, phenyl trimethoxysilane. phe- 
nyl trietiioxysllane, vinyl trimethoxysilane. vinyl triethoxysilane. vinyl(p-methoxyethoxy)silane, y-acryloxypropyl tri- 
methoxysilane, Y-rnethacryloxypropyl trimethoxysilane. y^mercaptopropyl trimetiioxysileuie. y-mercaptopropyl 
triettioxysilane. N-p (aminoethyl)Y-aminopropyl trimethoxysilane, y-aminopropyl trimethoxysilane. Y*aminopropyl tri- 
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ethoxysilane, rglycicJoxypropyl trimethoxysilane. p-glycidoxypropyl trimethoxysilane, rg'ycidoxypropyl triethoxysi- 
lane, p-glycidoxypropyl triethoxysilane and p-{3.4-epoxycyclohexyl)ethyl trimethoxysilane. 

Illustrative examples of the cx^mpound represented by the above formula (3) and having 4 X's include tetraethyl 
orthosilicate and tetramethyl orthosilicate. 

A dispersion medium for the above metal oxide is water, alcohol or other organic solvent, as exemplified by a 
saturated aliphatic alcohol such as methanol, ethanol. isopropyl alcohol, n-butanol and 2-butanol; a cellosotve such 
as methyl cellosolve, ethyl cellosolve, propyl cellosolve and butyl cellosoive; a propylene glycol derivative such as 
propylene glycol monomethyl ether, propylene glycol monoethyl ether and propylene glycol monomethyl acetate; 
ethylene glycol; an ester such as methyl acetate, ethyl acetate and butyl acetate; an ether such as diethyl ether and 
methyl isobutyl ether; a ketone such as tetrahydrofuran, acetone and methyl isobutyl ketone; an aromatic hydrocar- 
bon such as xylene and toluene; N. N-dimethytformamide; dichloroethane; and the like. 
(2) component (B) 

The epoxy group-containing silicon compound and the partially hydrolyzed product thereof as the component 
(B) are a compound represented by the following formula (4) and a partially hydrolyzed product thereof, respec- 
tively. 

R^R2«Si(ORVa (4) 

wherein is a group containing an epoxy group having 2 to 12 cartxjn atoms. is an alkyi group having 1 to 6 carbon 
20 atoms, aryl group, alkenyl group, haloalkyi group or haloaryl group, is hydrogen atom, an alkyI group having 1 to 4 
carbon atoms, acyl group or alkylacyl group, and a is an integer of 0. 1 or 2. The epoxy group-containing silicon com- 
pound or the 

partially hydrolyzed product thereof as the cornponent (B) is preferably used, in the hard-ooat composition in 
an amount of 5 to 90 wt% in terms of solid content. 
2S Illustrative examples of the epoxy group-containing silicon compound of the above formula (4) include -y-glyci- 

doxypropyl trimethoxysilane, p-glycidoxypropyl trimethoxysilane. y-glycidoxypropyl triethoxysilane, p-glycidoxypro- 
pyl triethoxysilane. y-glycidoxypropyimethyl dimethoxysilane, rglycidoxypropylmethyl diethoxysilane, and p-(3.4- 
epoxycyclohexyl)ethyl trimethoxysilane. 

Further, the third component having a functional group that can be chemically bonded to the component (A) or 
30 (B), may be added. 

The third component is a component which can react with a silanol group after hydrolyzation and is used to 
adjust physical properties such as dyeability, heat resistance, water resistance, antistatic properties and surface 
hardness. The third component is at least one of the following compounds (C) to (O). The components (C) to (O) 
are used in an amount of 0.001 to 50 wt% in total, based on the total solid content of a base resin. 
35 (3) component (C) 

The component (C) is an organic compound which has only one OH group or SH group in the molecule, con- 
tains at least one group selected from -0-, -C0-0-, -S-, -CO-S-and -CS-S- and at least one unsaturated group in 
the molecular main chain, and is soluble in water or a lower alcohol having 4 or less cartx)n atoms. 

The above compound is preferably a conpound represented by the following formula (5): 

40 

R^-X-R^YH (5) 



wherein R"^ is a monovalent hydrocarbon group having at least one unsaturated group and may contain an O or 
S atom. R^ is a divalent hydrocarbon group having 2 or more carbon atoms and may contain an O or S atom, X is either 
45 an O or S atom, and Y is either an O atom or a S atom. 

Illustrative examples of the compound of the above general formula (5) include polyethylene glycol monometh- 
acrylate, poly(butanediol)monoacrylate, poly(butanediol)monomethacrylate, 1 .4-butanediol monovinyl ether, 1.6- 
hexanedithiol monoacrylate, di(acryloxyethyl)hydroxyethylamine, 2-hydroxy-3-phenoxypropyl acrylate. pentaeryth- 
ritol triacrylate, 2-hydroxybutyl acrylate, 3-acryloyloxyglycerine monomethacrylate, 2-hydroxy-1.3-dimethacryloxy- 
50 propane and 2-mercaptoethyl acrylate. 

The compound of the above formula (5) is preferably a compound represented by the following formula (6): 



55 



I 

CHj-C- 



C— O— (CHa)» 
O 



— OH 



(6) 
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wherein is hydrogen atom or a methyl group, and b is an integer of 2 to 10, preferably 4 to 6, a compound 
represented by the following formula (7): 

R' 

CH,-i — C — (OR')e— OH —(7) 



10 

wherein is hydrogen atom or a methyl group. R^ is -CH2CH2- or -CH2CH(CH3)-. and c is an integer of 2 
to 9. preferably 2 to 4. 

a conrpound represented by the following formula (8): 
IS CH2=CH— <CH2)d-0— (CH2)b~OH (8) 
wherein b is an integer of 4 to 10, and d is 0 or 1 , or a compound represented by the fbltowing formula (9): 

CH2=CH^CH2)d— {OR^)c^H (9) 

20 

wherein R^ is -CH2CH2- or -CH2C(CH3)H-, c is an integer of 2 to 9. and d is 0 or 1 . 
Illustrative examples of the compound of the formula (6) include 4-hydroxytx;tyl acrylate, 4-hydroxybutyl meth- 
acrylate and the like. 

Illustrative examples of the compound of the formula (7) include diethylene glycol mdnoacrylate, tetraethylene 
25 glycol monoacrylate, polyethylene glycol monoacrylate, tripropylene glycol monoacrylate, polypropylene glycol 
monoacrylate, diethylene glycol monomethacrylate, tetraethylene glycol monomethacrylate, polyethylene glycol 
monomethacrylate. tripropylene glycol monomethacrylate. polypropylene glycol monomethacrylate and the like. 

Illustrative examples of the compound of the formula (8) include 4-hydroxybutylallyl ether and 4-hydroxytxjtyl' 
vinyl ether. 

30 Illustrative examples of the compound of the formula (9) include diethylene glycol monoallyl ether and trtethyl- 

ene glycol monovinyl ether.. 

(4) component (D) 

The component (D) is an unsaturated dibasic add. Illustrative examples of the componerit (D) include itaconic 
acid, succinic acid, malonic add. glutaric acid, adipic add, pimelic acid, suberic add, azelaic acid, sebacic add, 
35 fumaric acid and maleic acid. 

(5) connponent (E) 

The component (E) is a cyclic anhydride of an unsaturated dibasic acid. Illustrative examples of the component 
(E) include succinic anhydride, glutaric anhydride, trimellitic anhydride, pyromellitic anhydride, fumaric anhydride 
and maleic anhydride. 

40 (6) The component (F) is an imide compound of an unsaturated dibasic acid. Illustrative examples of the compo- 
nent (F) include succinic add imide. glutaric add imide, phthalic acid imide and maleic acid imide. 

(7) The component (G) is a saturated polycarboxyfic acid, illustrative examples of the component (G) indude adipic 
acid and suberic acid. 

(8) The component (H) is a cyclic anhydride of a saturated polycarboxylic add. Illustrative examples of the compo- 
45 nent (H) include cydic anhydrides of saturated polycarboxylic acids as the component (G). 

(9) The component (i) is an imide compound of a saturated polycarboxylic acid. Illustrative examples of the com- 
ponent (I) include imide compounds of saturated polycarboxylic acids as the component (G). 

(10) The component (J) is an amine. Illustrative examples of the amine include polymethylene diamine, polyether 
diamine, diethylene triamine, iminobispropylamine. bishexamethylene triamine. diethylene triamine. tetraethylene 

50 pentaamine, pentaethylene hexamine, dimethylaminopropylamine. aminoethylethandamine. methyliminoblspro- 
pylamine, menthane diamine, N-aminomethylpiperazine, 1 ,3-diaminocyclohexane, isophorone diamine, metaxy- 
lene diamine, tetrachloroparaxylene diamine, methaphenilene diamine, 4,4*-methylenedianiline. 
diaminodiphenylsulfone, benzidine, toluidine, diaminodiphenyl ether, 4.4*-thiodianiline, 4,4'-bis(o-toluidine)dianisi- 
dine. o-phenylenediamlne, 2,4-toluenediamine, methylenebis(o-chloroani{ine). diamlniditrissulfone, bis(3.4-dlami- 

55 nophenyl)sulfone, 2,6-diaminopyridine, 4-chloro-o-phenylenediamine, 4-methoxy-6-methyl-m-phenylenediamine. 
m-aminobenzylamine, N.N.N*,N*-tetramethyl-l,3-butanediamine, N.N,N\N-tetramethyl-p-phenylenediamine. 
tetramethylguanidine. triethanolamine. 2-dlmethylamino-2-hydroxypropane, N,N*-dimethytpiperazine, N,N*-bis[(2- 
hydroxy)propyl]piperazine. N-methylmorpholine, hexamethylenetetramine. pyridine, pyrazine, quinoline. benzyld- 
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imethytamine. a-methylbenzylmethylamine. 2-{dimethylaminomethyl)phenol, 2.4,6-tris(climethylaminomethy- 
lol)phenol, N-methylpiperazine. pyrrolidine, morpholine and the like. 

In addition to these, adducts and condensates of the above amines with an organic carboxylic add, cyclic 
ether, ketone, aldehyde, hydroquinone and the like may be used likewise. 

(11) The component (K) is urea or an adduct thereof with formaldehyde. 

(12) The component (L) is an alkyl-substituted methylol melamine. 

(13) The component (M) is a compound having 2 or more OH groups or SH groups. 
Illustrative examples of the component (M) include 1,4-butanediol. 1,6-hexanedio!. 1 ,9-nonanediol. 1,10- 

decanedioi, ethylene glycol, diethylene glycol, triethyiene glycol, tetraethylene glycol, polyethylene glycol, propyl- 
ene glycol, tripropylene glycol, polypropylene glycol, trimethylol propane, neopentyl glycol, catechol, resorclnol. 
alkylene glycol and polyvinyl alcohol. 

(14) The component (N) is a compound having 2 or more epoxy groups. Illustrative examples thereof are glycidyl 
ethers of polyhydric alcohols as the component (M). 

(15) The component (O) is a dicyandiamide. hydrazide. thiourea, guanidine, ethyieneimine. sulfoneamide or a 
derivative thereof. 

(16) The component (P) is an organic silicon compound represented by the following formula (10): 

R^dR^eSi(ORWe (10) 

20 wherein and are the same as defined in the above formula (4), R^ is selected from an alkyi group having 1 
to 4 carbon atoms, haloalkyi group, aryl group or haloaryl group having 6 to 12 cartx)n atoms, methacryloxyalkyl 
group having 5 to 8 carbon atoms, ureidoalkylene group having 2 to 10 carbon atoms, aromatic ureidoalkylene 
group, aromatic alkylene halide group and mercaptoalkylene group, d is 1, 2 or 3, and e is 0, 1 or 2, 

25 or a partially hydrolyzed product thereof. The component (P) Is used in an amount of 0 to 100 parts by weight in terms 
of solid content based on 100 parts by weight of the total solid content of a base resin. 
[0060] lllustrativeexamplesofthecompoundof the above fomiula (10) include trimethyl methoxysilane/tri 
oxysilane, trimethyl ethoxysilane, triethyl ethoxysilane, triphenyl methoxysilane, diphenylmethyl methoxysilane, phe- 
nyidimethyl methoxysilane, phenyldimethyl ethoxysilane. vinyldimethyt methoxysilane, vinyldimethyl ethoxysilane. 

30 vinyl(p-melhQxyethoxy)silane. y^cryloxypropyldimethyl methoxysilane, y-nnethacryloxypropytdlmethyl methoxysilane, 
ymercaptopropyldimethyl ethoxysilane, N-p(aminoethyl)Y-aminopropyldimethyl methoxysilane. y-arninopropyldimethyl 
methoxysilane, y-aminopropyldimethyl ethoxysilane. y-glycidoxypropyldimethyl methoxysilane. r^glycidoxypropyld- 
imethoxy ethoxysilane, Y-(3.4-epoxycyclohexyl)ethyldimethyl methoxysilane, dimethyl dimethoxysilane, diethyl dimeth- 
oxysilane, dimethyl diethoxysilane, diethyl diethoxysilane, diphenyl dimethoxysilane. phenylmethyl dimethoxysilane, 

35 phenylmethyl diethoxysilane, vinylmethyl dimethoxysilane. vinylmethyl diethoxysilane. y-acrylowopylmethyl dimeth* 
oxysilane. Y^methacryloxypropyldimethyl dimethoxysilane, -y^mercaptopropyimethyl dimethoxysilane, y-mercaptopropyl- 
methyl diethoxysilane, N-p(aminoethyl)Y-aminopropylmethyl dimethoxysilane, y-aminopropylmethyl dimethoxysilane, y- 
aminopropylm ethyl diethoxysilane, -y^glycidoxypropylmethyl dimethoxysilane, y-glycidoxypropylmethoxy diethoxysilane, 
p-(3.4-epoxycyclohexyl)ethylmethyl dimethoxysilane, methyl trimethoxysilane, ethyl trimethoxysilane, methyl triethox- 

40 ysllane, ethyl triethoxysllane, phenyl trimethoxysilane, phenyl triethoxysilane, vinyl trimethoxysilane. vinyl triethoxysl- 
lane, vinyl(p-methoxyethoxy)silane. -y^acryloxypropyl trimethoxysilane, y-rnethacryloxypropyl trimethoxysilane, y- 
mercaptopropyl trimethoxysilane, y-mercaptopropyl triethoxysilane, N-p (aminoethyl)Y-aminopropyl trimethoxysilane, y- 
aminopropyl trimethoxysilane, y-aminopropyl triethoxysilane, y-Q'ycidoxypropyl trimethoxysilane, p-glycidoxypropyl tri- 
methoxysilane. y-glycidoxypropyl triethoxysilane. p-glycldoxypropyl triethoxysilane, p-(3.4-epoxycyclohexyl)ethyl tri- 

45 methoxysilane. tetraetiiyl orthosillcate, tetramethyl orthoslllcate and the like. 

[0061 ] A curing catalyst for the hard-coat composition is selected, for example, from a metal salt of ethyl acetoacetate. 
a metal salt coordinately bonded by acetylacetone and ethyl acetoacetate, an alkali metal salt and ammonium salt of a 
carboxyilc acid, a metal salt and ammonium salt of acetylacetone, a metal salt hydrate of ethylenediamine, primary to 
tertiary amines, polyalkylene amine, sulfonate, magnesium perchlorate, ammonium perchlorate, and comt)inations of 

50 these compounds and organic mercaptan or mercaptoalkylenesilane, 

[0062] The curing catalyst may be used at the time of preparation of the hard-coat composition or right before tfie 
hard-coat composition is coated. 

[0063] The curing catalyst may be used In the hard-coat composition in an amount of 0.01 to 20 wt% In terms of solid 
content. 

55 [0064] A solvent for the hard-coat composition Is selected, for exanrple. from saturated aliphatic alcohols such as 
methanol, ethanol, isopropyl alcohol, n-butanol and 2-butanoI: cellosolves such as methyl cellosolve, ethyl cellosolve, 
propyl cellosolve and butyl cellosolve; propylene glycol derivatives such as propylene glycol monomethyl ether, propyl- 
ene glycol monoethyl ether and propylene glycol monomethyl acetate; esters such as ethylene glycol, methyl acetate. 
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ethyl acetate and butyl acetate; ethers such as diethyl ether and methyl isobutyl ether; ketones such as tetrahydrofuran. 
acetone and methyl Isobutyl ketone; aromatic hydrocarbons such as xylene and toluene; N.N-dimethylformamide; 
dichloroethane; and the like. Water may be added as required, and an acid such as acetic acid and the like may be 
added to hydrolyze a silane. 

5 [0065] The hard-coat composition may further contain a leveling agent for a cured coating film, antioxidant, weather- 
providing agent, antistatic agent, colorant and dye. Of these, the leveling agent is a copolymer of polyoxyalkylene and 
polydimethylsiloxane or a copolymer of polyoxyalkylene and fluorocarbon. for example. The leveling agent may be 
added to the hard-coat composition in an amount of 0.001 to 10 parts by weight in terrr^ of solid content. 
[0066] The thickness of the hard-coat layer Is preferably 0.4 to 8 fim. When the thickness is smaller than 0.4 }im, hard- 

10 ness is liable to lower, while when the thickness is larger than 8 |xm. the hard-coat layer is liable to crack. 

[0067] The curing conditions consist of a curing temperature of 90 to 120''C and a curing time of several hours to 30 
minutes. It is preferred that optimal conditions are selected from these ranges. 

[0068] The hard-coat composition may be coated by dip coating, flow coating, spinner coating or spray coating. 
IS (c) anti-reflection coating 

[0069] An anti-reflection layer consisting of a single-layer or multi-layer inorganic material may be formed on the hard- 
coat film. The reduction of reflection and the improvement of transmission and weatherability can k>e attained by forming 
the anti-reflection layer. 

20 [0070] A thin film is formed by vapor deposition using SiO. Si02. Si3N4. Ti02. ZrOg. AI2O3. MgF2. TaaOs or the like as 
the inorganic material. 

(d) pretreatment 

25 [0071] In order to improve the adhesion of the hard coat, it is effective to subject a lens having a primer-cured layer 
to a pretreatment such as an alkali treatment, acid treatment, plasma treatment, corona treatment, flame treatment or 
UV-irradiation treatment. 

[0072] The plastic lens of the present invention Is particularly suitable for use as a plastic lens for spectacles, for 
example, safety spectacles which must be impact-resistant. It may also be used for a transparent plastic sheet which is 

30 required to have impact resistance. 

[0073] The primer layer in the present invention improves the impact resistance of a plastic lens at various tempera- 
ture ranges e^qDerienced in a daily life compared with the primer layer of the prior art made from an urethane resin 
obtained from a polyester polyol comprising adipic acid as a main component. The primer layer provides impact resist- 
ance which does not lower at high temperatures in particular, and practically sufficient impact resistance to an HI lens 

3S substrate which is slightly inferior in impact resistance. 

Examples 

[0074] The examples of the present invention will be desaibed hereinafter. 
40 [0075] The lens substrate and primer used, a method for coating the hard-coat composition and a performance test 
for the obtained coating film will be described hereinafter. 

(a) plastic lens substrate includes: 
45 [0076] 

A: plastic lens made from diethylene glycol bisallyl cartsonate having a refractive index of 1.50 
B: plastic lens made from a thiourethane resin having a refractive irxJex of 1 .594 (ol>tained by thermally curing the 
MR-90 nx)nomer of Mitsui Chemicals, Inc.) 
so C: plastic lens made from a thiourethane resin having a refractive index of 1.66 (obtained by thernnally curing the 
MR-7 monomer of Mitsui Chemicals. Inc.) 

(b) method for coating primer 

55 [0077] The lens substrate is dipped in each coating solution and lifted at a lifting rate off 1 0 cm/min to carry out the dip 
coating of the primer on the lens substrate, and the primer layer is dried at room temperature for about 10 minutes and 
thermally cured at 95*'C for 30 minutes. 
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(c) method for coating hard-coat solution 

[0078] The lens having a primer-cured layer is dipped in each coating solution and lifted at a lifting rate of 15 cm/min 
to carry out the dip coating of the hard-coat solution on the primer-cured layer, and the hard-coat layer is dried at room 
5 temperature for about 5 minutes and thermally cured at ^20*'C for 1 hour. 

(d) A cross-hatch test or a cross-cut adhesion test is carried out in accordance with JIS K5400. 

(e) steel wool test 

10 

[0079] The lens is rubbed using Steel wool #0000 with a 1kg load, and scratches formed are judged based on the 
following criteria. 

5: The lens is not scratched at all. 
75 4: The lens is slightly scratched. 
3: The lens is scratched. 
2: The lens Is heavily scratched. 
1 : The lens is scratched to the depth of Its sut)Strate. 

20 (f) dyeabllfty 

[0080] An aqueous solution prepared by diluting the BPI GRAY of Brain Power Inc. (USA) with distilled water to a con- 
centration of 9 % is heated at 90**C. and a lens coated with each coating solution is immersed in this aqueous solution 
for 5 minutes, taken out and washed with water. The total light transmittance of the lens after dyeing is measured to 
25 compare dyeability. 

(g) measurement of film thickness 

^ [0081 ] The gl^s sheet is coated with each coating solution. After the coating film is cured, part thereof is cut out. and 
30 a film thickness Is obtained from difference in level. 

(h) impact resistance 

[0082] A destructive test is carried out in accordance with ANSI Z80.1 by causing a 16.32-g.steel ball to strike against 
35 a convex surface of a lens. An Intermediate value between an amount of Impact energy when the lens Is broken or 
cracked and an amount of maximum impact energy when there is no change In the lens Is regarded as the Impact 
resistance and it is expressed by a multiple of an FDA standard value (0.2 J). The lens substrate used is a plastic lens 
of a negative degree having a center thickness of 1 .0 to 1 .3 mm. 

[0083] Before measurement, the coated lenses are left in an atmosphere of O^'C. 20''C. SO^'C and 40<'C for 24 hours. 
40 respectively, and a falling ball test Is quickly carried out at 20*^0. 

(i) weatherability 

[0084] The outer appearance and adhesion of a lens after 240 hours of exposure are evaluated in accordance with 
45 ASTM G-26 using a xenon weatherometer. 

(a) preparation of primer 

(1) primer No. 1: 

so 

[0085] 91 Grams of a polyester polyol comprising isophthalic add and 1 .6-hexanediol and having an average molec- 
ular weight of 940 and an OH value of 120 mgKOH/g. 92 g of a butyl acetate solution containing 75 % of a 1 ,6-hexan- 
ediol diisocyanate trimer blocked by p-diketone and 812 g of propylene glycol monomethyl ether were mixed together 
and stirred until a homogenous mixture was obtained, and 0.5 g of the Florad FC-430 of 3M Corp. was added as a lev- 
55 eling agent and stirred to prepare a primer No. 1 . 
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(2) primer No. 2: 

[0086] 61 Grams of a polyester polyol comprising isophthalic acid and adipic acid in a molar ratio of 60:40 and 1.6- 
hexanediol and trimethylol propane and having an average molecular weight of 650 and a hydroxy! number of 260 
5 mgKOH/g. 135 g of a butyl acetate solution containing 75 % of a 1 ,6-hexanedlol diisocyanate trimer blocked by p-dike- 
tone and 802 g of propylene glycol monomethyl ether were mixed together and stirred until a homogeneous mixture was 
obtained, and 0.5 g of the Florad FC-430 of 3M Corp. was added as a leveling agent and stirred to prepare a primer No. 
2. 

10 (3) primer No. 3: 

[0087] 700 Grams of the primer No. 1 prepared separately from (1) above was weighed and stirred. 140 Grams of 
propylene glycol monomethyl ether and then 160 g of a composite oxide sol No. 1 of TIO2. Fe203 and SiOa (dispersed 
in methanol, an average particle diameter of 1 0 nm. a nonvolatile content of 30 %) were added to the primer and stirred 
15 to a homogeneous state to prepare a primer No 3. 

(4) primer No. 4: 

[0088] 500 Grams of the primer Nb. 1 prepared separately from (1) above was weighed and stin-ed. 234 Grams of 
20 propylene glycol monomethyl ether and then 266 g of a composite oxide sol No. 2 of Ti02, Zr02 and Si02 (dispersed 
in methanol, an average particle diameter of 10 ^m. a nonvolatile content of 30 %) were added to the primer and stirred 
to a homogeneous state to prepare a primer No. 4. 

(5) primer No. 5: 

25 

[0089] 66 Grams of a polyester polyol comprising adipic acid and methylpentanediol and having an average molecular 
weight of 500 and a hydroxyl number of 224 mgKOH/g. 125 g of a butyl acetate solution containing 75 % of a 1 .6-hex- 
anedlol diisocyanate trimer blocked by p -diketone and 804 g of propylene glycol monomethyl ether were mixed 
together and stinted until a homogeneous mixture was obtained, and 0.5 g of the Florad FC-430 of 3M Corp. was added 
30 as a leveling agent and stirred to prepare a primer Na 5. 

(6) primer No. 6: 

[0090] 700 Grams of the primer No. 5 prepared separately from (5) above was weighed and stirred. 140 Grams of 
35 propylene glycol monomethyl ether and then 160 g of the above composite oxide sol No. 1 were added to the primer 
and stirred to a homogeneous state to prepare a primer No. 6. 

(7) primer No. 7: 

40 [0091] 500 Grams of the primer No. 5 prepared separately from (5) above was weighed and stirred. 234 Grams of 
propylene glycol monomethyl ether and then 266 g of the above composite oxide sol No. 2 were added to the primer 
and stirred to a homogeneous state to prepare a primer No. 7. 

(b) preparation of hard-coat solution 

45 

(a) hard-coat solution No. 1 : 

[0092] 306 Grams of an acidic water-dispersion sol of Si02 (an average particle diameter of 10 nm. a nonvolatile con- 
tent of 40 %) was weighed and collected. 104 Grams of rglycidoxypropyl trimethoxysilane and 99 g of methyl trimeth- 
50 oxysilane were gradually added to the sol. After addition, the mixture solution was stirred for another 2 hours. 
Thereafter, 435 g of isopropyl alcohol was added and then 25 g of itaconic acid was added while the mixture solution 
was stin-ed. Further. 0.8 g of ammonium perchlorate as a curing catalyst and 0.4 g of a silicone surfactant (a product of 
Nippon Unicar Co.. Ltd.; trade name: L-7001) as a leveling agent were added, and the mixture solution was stin-ed for 
1 hour. The above mixture solution was aged at room temperature for 48 hours to obtain a hard-coat solution No, 1 . 

55 

(2) hard-coat solution No. 2: 

[0093] 330 Grams of the above composite oxide sol No. 1 was weighed and collected. 150 Grams of distilled water 
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was added thereto under agitatioa 182 Grams of y-glyddoxypropyl trimethoxysilane and 65 g of methyl trimethoxysi- 
lane were gradually added. After addition, the mixture solution was stirred for another 2 hours. Thereafter. 227 g of tso- 
propyl alcohol and then 40 g of tetraethylene glycol monomethacrylate were added while the mixture solution was 
stirred. Further, 6 g of acetytacetone aluminum as a curing catalyst and 0.4 g of a silicone surlactant (a product of Nlp- 
5 pon Unicar Co., Ltd.; trade name: L-7001) as a leveling agent were added, and the mixture solution was stirred for 1 
hour. The above mixture solution was aged at room temperature for 48 hours to obtain a hard-coat solution No. 2. 

(3) hard-coat solution No. 3: 

10 [0094] A hard-coat solution No. 3 was obtained in the same manner as in (2) above except that 433 g of the above 
conposite oxide sol No. 2 (hard-coat solution No. 2), 184 g of rg^ycidoxypropyl trimethoxysilane and 216 g of isopropyl 
alcohol were used. 

(c) production of coated lenses 

15 

(1) Examples 1 to 4 

[0095] The primer solutions Nos. 1 to 4 were coated on lens matrices and cured by heating at QC^C for 30 minutes, 
and then the hard-coat solutions Nos. 1 to 3 were coated on the resulting lens matrices and cured by heating at 120*^0 
20 for 60 minutes. The evaluation results of the performance of the obtained coated lenses are shown in the column "hand 
coarof Table 1. 

[0096] Four anti-reflection layers of Zr02, Si02, ZrOa and Si02 were formed on the above hard-coat layers by vacuum 
vapor deposition, respectively The thickness of the formed anti-reflection layers was about }J^2, Ayi2. 7J2 and V4, 
respectively, k is the light wavelength of 520 nm. The evaluation results of the obtained lenses are shown in the column 
25 "anti-reflection coat" of Table 1 . 

(2) Comparative Examples 1 to 3 

[0097] The primer solutions Nos, 5 to 7 were coated on lens matrices and cured by heating at SO^'C for 30 minutes, 
30 and then the hard-coat solutions Nos. 1 to 3 were coated on the resulting lens matrices arxi cured by heating at 120^*0 
for 30 minutes. The evaluation results of the performarice of the ok>tained coated lenses are shown in the column "hard 
coat" of Table 1 . 

[0098] Four anti-reflection layers of ZrOa, Si02, ZrOg and Si02 were formed on the above hard-coat layers by vacuum 
vapor deposition, respectively. The thickness of the formed anti-reflection layers were about A/12, A/12. A/2 and A/4. 
35 respectively. The evaluation results of the obtained lenses are shown in the column "anti-reflection coat" of Table 1 . 
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[0099] The plastic lenses having anti-reflection layers and hard-coat layers of Examples 1 to 4 and Comparative 
Examples 1 to 3 were measured for their impact resistance. The results are shown in Table 2. 
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20 [0100] The impact resistance of the lenses, produced by coating and curing a primer made from a polyester polyol 
comprising Isophthalic acid, of Examples 1 to 4 did not lower at high temperatures, whereas the impact resistance of 
the lenses, produced by coating and curing a primer made from a polyester polyol comprising adipic acid, of Compar- 
ative Examples 1 to 3 lowered, at high temperatures in particular. 

25 Claims 

1 . A plastic lens having a plastic lens substrate and a polyurethane layer formed on at least one side of the substrate, 
the polyurethane layer being a cured product of a primer comprising, as main components, a polyester polyol which 
contains, as an acid component, isophthalic acid in an amount of at least 50 mot% based on the total of all acid 

30 components and other cGcarboxylic acid in an amount of 50 mol% or less based on the total of all acid components, 
and a polyisocyanate. 

2. The plastic lens of claim 1 , wherein the other dicarboxylic acid which is contained in an amount of 50 mol% or less 
is at least one dicarboxylic acid selected from the group consisting of phthalic acid, terephthalic acid, phthalic anhy- 

35 dride. hydrogenated phthalic acid, fumaric add, dimerized linoleic add, maleic acid and saturated aliphatic dicar- 
boxylic acids having 4 to 8 caibon atoms. 

3. The plastic tens of claim 1 , wherein the polyisocyanate is at least one member selected from the group consisting 
of a monomer, isocyanurate. adduct, modified product and prepolymer of a polyisocyanate having a saturated 

40 aliphatic skeleton. 

4. The plastic lens of clam 1 . wherein the polyisocyanate is an isocyanurate of hexamethylene diisocyanate. and the 
isocyanate group thereof is blocked by at least one compound selected from the group consisting of p-diketone, 
diethyl malonate, dimethyl malonate, acetoxime and butanone oxime. 

45 

5. The plastic lens of claim 1 . wherein the polyisocyanate is at least one member selected from the group consisting 
of a monomer, isocyanurate, adduct. modified product and prepolymer of a polyisocyanate having an aromatic ring 
skeleton. 

so 6. The plastic lens of claim 1 , wherein the polyisocyanate is xylylene diisocyanate or tetramethylxylylene diisocyanate. 
and the isocyanate group thereof is blocked by at least one compound selected from the group consisting of p-dike- 
tone, diethyl malonate, dimethyl malonate. acetoxime and butanone oxime. 

7. The plastic lens of daim 1 . wherein the polyester polyol contains, as a diol component, at least one diol selected 
55 from the group consisting of diols represented by the following formula (1 ): 
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•••(1) 



10 wherein X*" is -CH2CH2O- or 



IS 



20 



X2 is -OCH2CH2- or 



-CHjCHO- , 

I 

CH3 



-OCHCH... 



25 and p and q are independently an integer of 1 to 3, 
and the following formula (2): 



30 



3S 



Z^-S-4CH,^t-^>-S-^)-eCH,^S-2^ -(2) 

wherein and are independently an organic group having one Ol-i group and comprising a caibon atom, 
hydrogen atom and oxygen atom, and r arxi t are independently 0 or 1 . 

8. The plastic lens of claim 1 . wherein the primer is an oxide of at least one metal atom selected from the group con- 
- sfsting of Si, Al, Sn. Sb. Ta, Ce, La. Fe, Zn, W, Zr, In and H and contains fine particles having an average particle 
diameter of 1 to 1 00 nm in an amount of 70 wt% or less in terms of solid content. 

40 9. A plastic lens having a silicon-resin hard-ooat layer on the pplyurethane layer of the plastic lens of claim 1 . 

10. The plastic lens of claim 9. vtfherein the hard-coat layer Is made from an oxide of at least one metal atom selected 
from the group consisting of Si. Al. Sn. Sb. Ta, Ce.. La, Fe. Zn, W. Zr, In and Ti and contains fine particles having an 
average particle diameter of 1 to 1 00 nm. 

4S . 

1 1 . The plastic lens of claim 9, wherein the silicon resin of the hard-coat layer is an epoxy-containing silicon compound 
represented by the following formula (3) or a hydrolyzed product thereof: 

RiR2^SI(OR3)3.a (3) 

so 

wherein is an organic group containing an epoxy group and having 2 to 12 carbon atoms, R^ is an alkyi 
group having 1 to 6 carbon atoms, alkenyl group, haloalkyi group, aryl group or haloaryl group, is hydrogen 
atom, an alt^l group having 1 to 4 caibon atoms or acyl group, and a is 0, 1 or 2. 

55 12. The plastic lens of claim 9, wherein the hard-coat layer contains the third component having a functional group that 
can be chemically bonded to the components (A) and (B) in addition to the above components (A) and (B). 

13. The plastic lens of claim 9, wherein the third component is at least one compound selected from the group consist- 
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ing of components (C) to (O): 

(C) an organic compound which has only one OH group or SH group in the molecule, contains at least one 
group selected from the group consisting of -O-, -C0-0-, -S-. -CO-S- and -CS-S- and at least one unsaturated 

5 group In the molecular main chain, and is soluble In water or an alcohol having 4 or less carbon atoms, 

(D) an unsaturated, dibasic acid. 

(E) a cyclic anhydride of an unsaturated dibasic acid. 

(F) an imide compound of an unsaturated dibasic acid, 

(G) a saturated polycatboxylic acid 

'10 (H) a cyclic anhydride of a saturated polycartx>xylic acid 

(I) an imide compound of a saturated polycartx}xylic acid. 
(J) an amine. 

(K) urea and an adduct thereof with formaldehyde, 
(L) alkyl-substituted methyloi melamine 
75 (M) a compound having 2 or more OH groups or SH groups, 

(N) a compound having 2 or more epoxy groups, and 

(O) dicyandiamide, hydrazide. thiourea, guanidine, ethyleneimine, sulfoneamlde and derivatives thereof. 

14. A plastic lens having an anti-reflection layer on the hard-coat layer of the plastic lens of claim 9. 

20 

15. A primer composition comprising (A) a polyester polyol which contains, as an acid component, isophthalic acid in 
an amount of at least 50 mol% based on the total of all acid components and other dicarboxylic acid in an amount 
of 50 mol% or less based on the total of all add components and (B) a polyisocyanate as main components. 

25 



30 
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